The temporal and spatial dynamics of groundwater was investigated in a small catchment in the Spanish Pyrenees, which was extensively used for agriculture in the past. Analysis of the water table fluctuations at five locations over a 6-year period demonstrated that the groundwater dynamics had a marked seasonal cycle involving a wetting-up period that commenced with the first autumn rainfall events, a saturation period during winter and spring and a drying-down period from the end of spring until the end of the summer. The length of the saturation period showed great interannual variability, which was mainly influenced by the rainfall and evapotranspiration characteristics. There was marked spatial variability in the water table, especially during the wetting-up period, which could be related to differences in slope and drainage area, geomorphology, soil properties and local topography. Areas contributing to runoff generation were identified within the catchment by field mapping of moisture conditions. Areas contributing to infiltration excess runoff were correlated with former cultivated fields affected by severe sheetwash erosion. Areas contributing to saturation excess runoff were characterized by a marked spatial dynamics associated with catchment wetness conditions. The saturation spatial pattern, which was partially related to the topographic index, was very patchy throughout the catchment, suggesting the influence of other factors associated with past agricultural activities, including changes in local topography and soil properties. The relationship between water table levels and stream flow was weak, especially during thewetting-up period, suggesting little connection between ground water and the hydrological response, at least at some locations. The results suggest that in drier and human-disturbed environments, such as sub-Mediterranean mountains, saturation patterns cannot be represented only by the general topography of the catchment. They also suggest that groundwater storage and runoff is not a succession of steady-state flow conditions, as assumed in most hydrological models.
Introduction
Climate variability and past human disturbances make rainfall-runoff relationships and water-flow pathways in Mediterranean mountains particularly complex and, hence, the hydrological response difficult to predict. Mediterranean areas are characterized by relatively low to moderate annual precipitation and a strong climatic seasonality, with high temperatures and little precipitation in summer contrasting with moderate precipitation and low temperatures in winter. Here, mountains have been markedly affected past human activities (e.g. Arnáez et al., 2011) : agricultural practices caused spatial modification of the vegetation cover and soil properties, and the widespread construction of terraces on steep slopes and an artificial drainage networks caused significant topographic changes. Depopulation and progressive land abandonment during the 20 th century have led to recovery on an large variety of factors (García-Ruiz and Lana-Renault, 2011) and has resulted in an extraordinary heterogeneous landscape.
Analysis of catchment-scale observational data (e.g., Piñol et al., 1997; Lana-Renault et al., 2007; Latron et al., 2009; Schnabel and Gómez-Gutiérrez, 2013) has revealed that Mediterranean mountains share hydrological processes characteristics of both wet and dry environments. Thus, stream flow response usually results from the combination of contrasting runoff generation processes (infiltration and saturation excess runoff, and subsurface flow), which relative contribution depends on rainfall characteristics, antecedent wetness condition and catchment properties. To be able to explain the nonlinearity of rainfall-runoff in the Mediterranean mountain areas and therefore to improve capability in stream flow prediction, it is necessary to understand the temporal and spatial variability of the water flows within the catchment and relate them to stream flow response. One approach is to analyze the spatial and temporal dynamics of the ground water storage (e.g. Seibert et al, 2003; Anderson et al., 2010; Haughts and van Meerveld, 2011) . Most of the studies have been carried out in forested humid temperate catchments; surprisingly, few have been undertaken under Mediterranean conditions, where the hydrological processes are particularly complex (e.g. Gaillard et al., 1995; Grésillon and Taha, 1998; Martínez-Fernández et al., 2005; Linde et al., 2007; Latron & Gallart, 2008) .
The aim of this study was to contribute to the understanding of groundwater dynamics and its relations to stream flow in a Mediterranean mountain environment, through the analysis of observational data in a small catchment in the Pyrenees; this catchment was intensively cultivated in the past and affected by land abandonment. We investigated temporal and spatial fluctuations of the water table at various locations within the catchment. The rise of the water table to the soil surface favours the development of water-saturated areas which may contribute to runoff. Thus, we also studied the spatial pattern of saturated runoff contributing areas under various hydrological conditions and analyse the relationship between discharge at the outlet of the catchment and water table response.
Methods: study site and data collection

The catchment
The Arnás experimental catchment (2.84 km 2 ) is located in the headwaters of the Aragón River (Figure 1a ), in the Central Spanish Pyrenees, at an altitude of 9101340 m a.s.l. The substratum is Eocene flysch. Soils are dominated by compact and shallow calcaric regosols on the southwest-facing slope (Navas et al., 2008) and brown and deep haplic kastanozems on the northeast-facing slope. The catchment is representative of the mid-altitude Mediterranean mountain environment and land management evolution, as it was totally cultivated with cereal crops in non-terraced fields until the middle of the 20th century, then abandoned and naturally colonized with shrubs and some forest patches. The mean annual temperature is 10°C, and mean annual precipitation from 1999 to 2008 was 926±182 mm. Snowfall occurs only occasionally. The mean annual reference evapotranspiration in the study area calculated by the method of HargreavesSamani (1985) was 1088 ± 31 mm. Figure 2 shows that rainfall is usually concentrated in autumn (October, November) and spring (March, April, May); winter (December, January, February) is a period having less precipitation and low evapotranspiration; and summer (June, July, August) is a period with very high evapotranspiration and little rainfall -although intense convective storms of short duration are relatively frequent.
The combination of rainfall and evapotranspiration over the water year results in a strong water deficit in the summer and beginning of autumn (as evidenced by low levels of runoff), and a wet period in spring, when runoff reaches the highest values. Figure 2 also shows the strong non-linearity of the rainfall-runoff relationship over the water year. This is clearly illustrated in October, when heavy rainfall (similar to that in April) produced only moderate runoff. Here, as in many other Mediterranean areas (Gaillard et al., 1995; Serrano-Muela et al., 2008; Latron et al., 2009 ), most of the incoming rainfall occurring at the beginning of the water year is used to recharge soil moisture and groundwater reserves.
The catchment is equipped with a complete weather station, a gauging station at the lowest end of the catchment, at which discharge and sediment transport is recorded, and three tipping bucket rain gauges ( Figure 1B) . A network of five piezometers was installed in downslope locations at different distances from the main channel and in areas where field observations indicated significant saturation dynamics. The depth to the water table is measured in each tube using a Keller DCX-22 AA pressure sensor connected to a datalogger. The water level is measured at 1 min intervals and stored as 20 min averages. A 10 x 10 m Digital Elevation Model of the catchment was constructed using a contour map (contour interval, 5 m) obtained from 1:5000-scale aerial photographs. The topographic index ln(a/tan β) (Kirkby, 1975) Research on the role of saturation excess runoff processes in hydrology (e.g., Cappus, 1960; Dunne & Black, 1970) gave rise the concept of "variable source area", within a catchment, this refers to particular locations that are most important for runoff generation processes and have an spatial extent that is variable through time. Because these studies were carried out in humid temperate regions, where rainfall intensity is usually lower than soil infiltration capacity, variable source areas were commonly identified as water-saturated areas, usually occurring on down slope locations close to the main stream. Later studies (e.g., Betson & Marius, 1969; Cosandey & de Oliveira, 1996) showed that they can occur anywhere in the catchment, according to site specific topographic and soil characteristics. However, as pointed out by Ambroise (2004) , only those locations connected to the effective drainage network directly contribute to runoff discharge at the outlet of the catchment and thus should be the ones refer as "runoff contributing areas". In regions where rainfall intensity is higher than soil infiltration capacity, runoff can also be generated by infiltration excess processes (Ambroise, 2004; Latron & Gallart, 2007) in areas having low permeability soils. This is commonly observed in the Mediterranean region, where rainfalls can be very intense and soils have been significantly degraded by past agricultural practices (Navas et al., 2008) .
A good method for studying the spatio-temporal evolution of runoff contributing areas within a small catchment is by field mapping (e.g., Dunne et al., 1975) . This approach has commonly been used in humid temperate regions (e.g., Dunne et al., 1975; Taylor, 1982; Ambroise, 1986) but rarely under Mediterranean conditions (Martínez-Fernández et al., 2005; Latron & Gallart, 2007) , even though several authors have highlighted the importance of the spatial distribution of runoff contributing areas on catchment hydrological response (e.g., Grésillon & Taha, 1998; Latron & Gallart, 2007) .
Infiltration excess runoff contributing areas are easily recognizable in the field by inspection of the soil surface (Dunne et al., 1975) . Water-saturated areas can also be identified visually using the "boot" method, which involves stepping ont the soil surface and assessing whether water appears (Ambroise, 1986; Latron & Gallart 2007; Rinderer et al., 2012) . The spatial variations of saturated areas can be done by repeat field mapping under differing hydrological conditions. According to Ambroise (1986) , if surveys are carried out by the same person, the error associated to such approach is <10%. In this study, we carried out four field surveys under conditions varying from dry to wet. Each survey was made at least 36 hours after a flood event, to ensure the catchment recovered hydrological equilibrium (Latron & Gallart, 2007) . Accurate mapping of the extent of the saturated areas was possible by using an enlarged orthophotomap of the catchment. Each map was subsequently digitized to quantify the extent of the saturated areas.
Results and discussion
3.1. Seasonal and spatial variability of the water table dynamics
Groundwater changes followed a clear seasonal pattern that was repeated each water year. This involves: i) a wetting-up period corresponding to a rise in the piezometric levels, which started with the first autumn rainfall events and lasted until the reconstitution of water reserves at the measured locations was complete, ii) a saturation period over winter and spring where water table was close to the soil surface at all locations, and iii) a drying-down period with a progressive decline of water-table levels, starting from the end of spring or beginning of the summer. This is illustrated in Figure   3 , which shows the seasonal evolution of the mean daily water table depth runoff and rainfall was greatly increased (R=0.95, p < 0.05) if the rainfall occurring during the saturation period was considered, rather that the total annual rainfall (no significant relationship); this suggests that saturation processes had a major role in runoff generation in this catchment.
The water table dynamics varied markedly among locations. The length of the saturation period varies from 20% at location 2 to 34% of the year at location 8, based on the three years (2004, 2006, 2007) for with complete water table records at all locations were available. Figure 3 shows that the spatial variability of the water table was greater during the wetting-up and drying down transition periods. For instance, during the drying down period in 2006, a 1.5 m fall in the water table occurred over 10 days at location w8 and over a period of 1 month at location w9. This spatial variability is illustrated in Figure 4 , where the standard deviation (indicative of the degree of variability among locations) was higher for intermediate water table conditions. A comparable seasonal pattern (with wet and dry periods) has been reported elsewhere (e.g., Peters et al., 2003; Molénat at al., 2005) ; however, the high spatial variability of water table fluctuations, especially during the transition periods, seems to be a more characteristic feature for Mediterranean regions (Latron et al., 2009 ).
To further investigate the spatial variability of the water table, the relationships between daily water table depths at locations 7, 8 and 9 were analyzed; the piezometers at these locations were approximately 2 m depth and were selected because they dried less frequently during the year. Figure 5 shows that there was only a weak correlation among the water table levels at the three locations. Slightly stronger relationship were observed when only the drying-down periods (white dots in Figure 5 ) were considered, especially between locations 7 and 9, with piezometer 9 emptying more rapidly than the piezometer at location 7. The pattern between locations 7 and 8 was not considered, with the piezometer at location 7 sometimes emptying before the piezometer at location 8, while on other occasion the relationship was reversed. No clear relationships were observed during the wetting-up period (black dots in Figure 5 ), indicating that the refilling/recharge of groundwater reserves was characterised by greatest spatial heterogeneity. As shown in Figure 3 , water table at locations 8 and 9 reacted rapidly to the first rainfall events in autumn, but fell rapidly when the rain stopped, especially at location 8. This was in contrast to the water table at location 7, where it rose rapidly following 225-250 mm of accumulated rainfall and remained saturated until the end of the wet period. Examples of water table not responding homogeneously to rainfall have reported in recent studies in British Columbia (Anderson et al., 2010; Haughts & Meerveld; 2011) and Sweden (Seibert et al., 2003) . These reports showed that variability in the water response was related to the position on the hillslope. Dripps & Barbuty (2011) also observed a high spatial variability in a forested catchment in Wisconsin and related the differences to vegetation cover. On the contrary, other studies (e.g. Fanning et al., 2000; Bachmair and Weiler, 2012) found out that soil hydraulic properties play a major role in controlling subsurface flow variability. In the Arnás catchment, the vegetation cannot be considered a factor controlling water table fluctuations, as all the piezometers are located under similar vegetation type (grass with few stands of Fraxinus sp). To assess the influence of topography, we investigated the relationships of the averaged percentage of time each piezometer was saturated to the straight distance to the stream and the topographic index. Figure 6a indicates that soil saturation was not influenced by the distance to the main stream. The percentage of time that locations 9 and 4 remained saturated was similar (24% and 27%, respectively), despite the former is located 50 m from the main stream whereas the latter is at 220 m distance. Soil saturation showed a positive relationship with the topographic index at all the locations, except for location 8. This is consistent with the concept of the wetness index (Kirkby, 1975; O'Loughlin, 1981) and suggests a strong topographic control of saturation patterns. The highest values of the topographic index (> 10) were found at locations 4 and 7, both situated in relatively flat areas of the gentle north-facing slope that are saturated for approximately one-third of the time. Location 8 was somewhat unusual in that the piezometer data indicated it was the site that was most often saturated (34% of the time) but has a low topographic index (< 8). Differences in lithology, soils properties (infiltration capacity and the occurrence of macropores) or local topography have been usually reported as factors which can modify saturation dynamics at specific sites. In our study, one explanation for the observed results is that piezometer 8 was located close to an old mass movement under such conditions, the surface and subsurface topographies can differ, and it is the latter which can to some extent control the subsurface flow . This hypothesis is supported by the frequent occurrence of seepage in this area. The lower water retention and water circulation characterised of the soils in this part of the catchment (Navas et al., 2008) , which is a result of intensive past agricultural practices, could also influence the soil saturation pattern. However, more detailed field studies should be carried out to test such hypothesis.
Seasonal dynamics of runoff contributing areas
Infiltration excess runoff areas
Areas prone to infiltration excess runoff are usually associated to areas with sparse vegetation, and degraded soils (Musgrave & Holtan, 1964) . Previous analysis of the relationships between suspended sediment concentrations and discharge at the outlet of the catchment suggested that the main contributing areas for infiltration excess runoff were associated to the main sediment sources areas (Lana-Renault & Regüés, 2009 ) and correspond to i) the bare sections of the taluses flanking the main stream; ii) the patches of land affected by severe sheet-wash erosion, associated to former cultivated fields; and iii) the unpaved and deteriorated road on the north-facing slope. The total size of these areas was estimated in 7 ha, i.e., 2.44 % of the catchment (table 2) and assumed to be constant in time. A principal reason for this assumption is that the flysch outcrops do not show the strong seasonal variations in terms of infiltration capacity that have been reported for other lithologies, including the clayey or marly lithologies in badland areas (Regüés & Gallart, 2004; Nadal-Romero and Regüés, 2010; Regüés et al., 2012) .
Variations in rainfall intensity can introduce variability in the infiltration capacity of these areas and hence modify the extent for infiltration excess runoff. However, due to their limited size and the lack of information about these variations, we follow the approach of Bestson (1964) , who pointed out that, variations of infiltration excess runoff areas under normal conditions are negligible, and consider 7 ha to be the potential maximum area for infiltration excess runoff.
Saturation excess runoff areas
Saturated areas occur where the topography causes the groundwater to the rise to the surface, usually at convergent down slope locations (Dunne & Black, 1970; Dunne et al., 1975) , or where soils properties (e.g., a reduction of soil hydraulic conductivity with depth) favour the development of a perched saturated layer (Gaillard et al., 1995) . In the Arnás catchment, the saturated areas occur at down-slope locations, especially on the north facing slope over concave and flatter areas associated with old mass movements and are usually covered by herbaceous vegetation.
In contrast to infiltration excess areas, the saturation excess areas were characterized by a marked spatial dynamics, associated to catchment wetness conditions. ). The location of saturated areas, in the lowest valley of the catchment, suggests that most can potentially contribute to runoff. As the four surveys were carried out when the catchment was in hydrological equilibrium (i.e., at leas 36 hours after a flood event), the discharge recorded during the surveys can be considered as base flow discharge. The base flow value observed during the wettest survey is within the centile 90 of the base flow discharge series over the study period, indicating that the four surveys constitute a representative range of catchment wetness conditions. When the catchment was dry (Figure 7a ), few saturated areas were evident, suggesting that under these conditions only those areas prone to infiltration excess runoff potentially contributed to the hydrological response of the catchment. The limited extent of these areas (2.44% of the catchment) explains that event runoff coefficients observed under these conditions were very low, usually below 0.03 (LanaRenault et al., 2007) . As the catchment became wetter, saturated areas appeared, especially over the bottom valley of the catchment. Their spatial distribution under wettest conditions (Figure 7d ) was closely associated to the spatial distribution of the topographic index (see Figure 1) ; however, the pattern was very patchy, particularly on the north-facing slope. Similar to the results reported by Latron and Gallart (1997) for a catchment in the eastern Pyrenees, the patchiness of the saturated areas was more evident during the transition periods (Figure 7b,c) . This contrasts with typical reports for small temperate catchments, where saturation is detected in one main area close to the main stream, which expands and contracts according to catchment wetness condition (Dunne et al., 1975; Myrabo, 1986) . Table 2 This shift is the result of an increasing connectivity of saturated areas with increasing moisture conditions, suggesting a greater contribution to runoff and a significant effect on the hydrological response at the outlet of the catchment. The spread pattern of saturated areas has been usually explained by local factors. Latron & Gallart (2007) related the patterns to the terrace topography, which locally leads to a rapid decrease of soil hydraulic conductivity with depth. In the Arnás catchment, the construction of small terraces and artificial drainage canals associated to past agricultural practices created discontinuities in local topography; abandonment of such areas the associated deterioration and obstruction of the drainage canals may favour saturation. Agricultural practices also modified soil properties; Seeger (2001) reported that the hydraulic conductivity of most soils in the catchment tended to decrease with depth, and that some areas of the bottom valley were characterised by a very low infiltration capacity (5 mm h -1 ).
The saturated area varies from 0.05% to almost 6% of the catchment area, which is a range is similar to that reported by Latron & Gallart (2007) for sub-Mediterranean conditions in the eastern Pyrenees, but contrasts with results reported for more humid areas (Dunne et al., 1975; Ambroise, 1986) . As shown by Latron and Gallart (2007, saturation in humid areas is greater (1-40% of the catchment) and usually shows a smaller range of variation, independently of the size of the catchments. Although the number of surveys undertaken was small, a consistent relationship was observed between the extent of saturated areas and the baseflow discharge (Figure 8) , suggesting that the extent of saturated areas is a good indicator of catchment wetness conditions. Such relationship has been reported in both humid (Cappus, 1960; Dunne et al., 1975; Taylor, 1982; Ambroise, 1986) and Mediterranean areas (Latron & Gallart, 2007) . However, as notedt by Latron & Gallart (2007) , the regression curve that fits the relationship between the extent of saturated areas and the base flow discharge differs from one catchment to the other according to catchment topography, in particular, on the presence or absence of a confined valley bottom which limits saturation expansion for higher discharges. In the Arnás catchment, this relationship seems to be linear and could be explained by the spread pattern of the saturated areas, as has been suggested by Latron & Gallart (2007) for the Can Vila catchment.
Relation between the water table and the stream flow discharge
The relationship between daily discharge e at the outlet of the catchment and water table at locations 7, 8 and 9 is shown in Figure 9 . The exponential relationship typically observed in other areas (e.g. Seibert et al., 2003; Latron & Gallart, 2008; Haughts & Meerveld, 2011) was not so evident here mainly in the present study, mainly because soil saturation can be associated with very low stream discharge values (around 1 l s -1 km -2 ). For instance, at location 9 ( Figure   9C ), the transition from dry conditions (water table depth >1.25 m from the soil surface) to almost soil saturated conditions (water table depth <0.5 m from the soil surface) was rapid, as indicated by the scarcity of black dots between those two values. This is also evident in Figure 3 , which shows that a change from dry to saturated conditions at this location usually occurred over a period less than one month. As a result, the correlation between stream flow discharge and the water table at location 9 under wetting-up conditions was not statistically significant (R=-0.07,;p>0.05). The relationship improved (R=0.74; p <0.01) during drying-down period (white dots in Figure 9C ), as the water table was progressively drawn down and reacted to rainfall events, as did the stream flow discharge. This pattern was also evident at location 7, where groundwater recharge and the rise of the water table were very rapid (Figure 3) . The water table dried down progressively (white dots in Figure 9A ), as did the stream flow discharge, although there was some variability associated with the general trend (R=0.69; p<0.01). A statistically significant correlation was found between the stream flow and the water table at location 8, for both the wetting-up and drying-down periods (R=0.23 and R=0.49 respectively; p<0.01), suggesting a slightly better connection at this location between groundwater and the stream flow discharge. events when piezometers were dry; these events associated to infiltration excess runoff over localised areas in response to intense rainfall events. In contrasts, we observed low discharges were under soil saturation conditions, especially at location 7 and 8, This occurred at beginning of the drying-down period, when discharge was already at a low level, but the water table was still high at some locations (see Figure 3) , illustrating a degree of disconnect between stream flow and groundwater p>0.05). The water table at location 8 reacted more rapidly (average time lag 1 h 37 min), whereas at location 9, the water table peak was reached on average, table between location 8 and 9 were not related to the position on the hillslope, as reported in other studies (Seibert et al., 2003; Haughts & Meerveld, 2011) because each piezometer was located at similar distance from the main stream (see Fig 6a) . Rather, the more rapid response of water table at location 8 may have been related to the local topography (e.g. local slope gradient, different subsurface topography) and/or soil properties (e.g. preferential flow pathways).
In this sense, it is necessary to carry out more detailed reasearch to relate the particular response of waster table at location 8 with local site characteristics.
Discussion and conclusions
In this study the temporal and spatial dynamics of water table was investigated in a small Mediterrenean mountain catchment in the Spanish Pyrenees. The results showed that water table followed a marked seasonal evolution involving a drying-down period of the water table from the end of the spring (associated to an increasing evapotranpirative demand) a wetting-up period commencing with the first autumn rainfalls, and a wet period during winter and spring, when water table was closed to the soil surface at all study locations. However, the length of these periods varied substantially among years, depending on the rainfall and evapotranpiration characteristics. The water table fluctuations also varied substantially among locations.
This spatial variability was particularly important during the recharge of the ground water reserves and relatively homogeneous when the reserves saturated and drawing down. Topography (drainage area and slope) partially explained the degree of saturation observed at each location although other factors (including soil properties, local topography and geomorphology) may also control water table fluctuations and the saturation pattern at specific locations.
Infiltration excess runoff areas were identified within the catchment and were associated to previous land use because most were located in the former cultivated fields affected by severe sheet-wash erosion on the south facing slope. Saturation excess runoff areas were also identified and their spatial dynamics described. The distribution of these areas within the catchment was partly explained by topography as they tended to appear over flat areas at the base of the slopes. However, these areas were scattered throughout the catchment, suggesting the influence of factors others than topography, including changes in local topography (through the construction of small terraces and drainage canals) and soil properties (e.g. a decrease of soil hydraulic conductivity with depth), both which are a result of past agricultural activities.
It is noteworthy that the degree of the saturated area in the Arnás catchment varied by two orders of magnitude, whereas in more humid environments, the variability is lower.
In drier environments, such as the Mediterranean region, the transition (drying-down, wetting up) periods last longer, explaining the wider range of catchment moisture status.
Under such conditions, factors such as local topography, vegetation or soil properties become importance in explaining soil moisture (Grayson et al., 1997) and consequently saturation patterns, and results in a heterogeneous spatial distribution of saturated areas.
Situations as this need to be considered when representing saturation patterns based only on topographic indices, especially those derived from conventional Digital Elevation Models which do not capture the local topography. In addition, failure to consider the effect of soil properties and vegetation patterns on soil moisture and the groundwater dynamics might also be misleading, especially in dry and human disturbed environments such as Mediterranean mountains. Field surveys of the spatial distribution of saturated areas, carried our under different catchment wetness conditions, revealed that increasing wetness condition favoured hydrological connectivity. Study of the of the hydrological connectivity is recognized as a key issue in the understanding of stream flow response (Bracken & Croke, 1997) and efforts have been made to measured it in the field and incorporate it into simulations models; in this context, field surveys such as the one undertaken here should be encouraged.
The relation between water table levels and stream flow was quite weak, especially during the wetting up period, suggesting little connection between ground water and the hydrological response, at least at some locations. This raises the question whether the steady state assumption (that groundwater storage and runoff can be described as a succession of steady state flow conditions), which is widespread in conceptual modelling, is appropriate in this kind of environment. Reports of non-steady behaviours in other areas (e.g., Siebert et al., 2003; Latron & Gallart, 2008; Anderson et al., 2010; Haught & Meerveld, 2011) have suggested the need to relax the assumption and consider the catchment as a spatially organized system of different hydrological units.
The weak relationship between water table and discharge also suggest the occurrence of runoff generation process other than saturation due to a rise in the water table. This confirms the hypothesis that catchment is complex in environments such as the Mediterranean mountains, because the stream flow discharge is generated by a combination of different runoff generation processes (infiltration excess, saturation excess runoff processes and subsurface flow), depending on catchment moisture condition and rainfall characteristics (depth and intensity). Such complexity is related to marked climatic seasonality and long wetting-up and drying-down transition periods, but also to the landscape, which is very heterogeneous in terms of soils, topography and vegetation, and the intensity of past human practices. This study illustrates that to understand and predict the hydrological response of catchments under Mediterranean conditions, it is important to capture the temporal and spatial variability of the catchment water pathways. (Kirkby, 1975) and the sites of the main monitoring instruments. 
